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The aim of the current research was to evaluate the effects that temperament has on production and
reproduction performances in Simmental dual-purpose cattle breed. Behavioral reactivity of cows
signiﬁcantly inﬂuenced (P  0.05) the body weight, milk yield, fat yield, protein yield, protein content,
and the calving interval of the cows included in the study-head, having more substantial effects (P 
0.001) on the milking speed and the number of steps per day, with calmer cows outperforming the
nervous counterparts. However, temperament did not inﬂuence (P > 0.05) traits such as days open,
number of inseminations per gestation, fat percentage, somatic cell count, body condition score,
cleanliness of udder and cleanliness of hindquarter. Signiﬁcant negative phenotypic correlations were
found between temperament and cows body weight (0.19), milk yield (0.19), fat yield (0.14), protein
yield (0.18), and milking speed (0.18). Current results suggest that selection for calm temperaments
will translate into increased milk, fat, and protein yields in Simmental cattle, as well as shorter the
calving interval and improved milk ejection.
 2016 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Cattle (Bos taurus) have been undergoing human-managed se-
lection ever since their original domestication 8,000-10,000 years
ago (Loftus et al., 1994). Initially, selection was limited to docility
and manageability; however, in the last 60-70 years, most of the
breeding programs have been focused solely on the genetic
improvement of production traits, such as milk yield and growth
rates (Oltenacu and Broom, 2010). Nowadays, selection for a
broader set of novel traits, such as health, longevity, feed efﬁciency,
methane emissions, temperament, and functional traits, is
becoming more widespread as producers and animal geneticists
realize that high productivity cannot solely be maintained orDinu Gavojdian, Research and
gricultural and Forestry Sci-
Fax: þ40 356 456 400.
D. Gavojdian).
r Inc. This is an open access article uimproved without a more integrated approach on animal perfor-
mance and welfare (Kramer et al., 2013; Haskell et al., 2014; Hietala
et al., 2014). New functional traits are growing in importance
because of recent declines in animal health and ﬁtness caused by
the intense selection for milk production (Egger-Danner et al.,
2015).
Temperament in livestock species can be deﬁned as the manner
in which an individual reacts to a novel or challenging situation
(Reale et al., 2000) and has been suggested as a useful tool for
improving productivity in cattle (Ferguson and Warner, 2008; Cafe
et al., 2011). In cattle, temperament is often described as an animal’s
response to handling or forcedmovement by humans (Haskell et al.,
2014). Up-to-date, little information regarding heritability of
behavioral traits is known; however, commercial dairy farms cull
animals because of their poor temperaments (Berry et al., 2005).
Previous investigations outlined the inﬂuence that temperament
has on milk production (Breuer et al., 2000; Sutherland and
Dowling, 2014), for meat quality and growth rates in beef andnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Turner et al., 2011), reproductive performance (Haile-Mariam
et al., 2004; Sewalem et al., 2011), and longevity (Sewalem et al.,
2010; Haskell et al., 2014) in cattle. Moreover, animals which are
highly reactive to humans and handling exhibit poor adaptation to
their environment and experience high levels of stress, reducing
their level of welfare (Bickell et al., 2009; Gavojdian et al., 2015).
Cattle temperament is regarded to be low to moderately heri-
table, thus making it a suitable trait for genetic selection (Nkrumah
et al., 2007; Barrozo et al., 2012), with signiﬁcant breed disparities
being reported (Haskell et al., 2014; Egger-Danner et al., 2015). In
Simmental, the previous estimates on the heritability for handling
scores range between 0.28 and 0.55 (Gauly et al., 2001; Hoppe et al.,
2010).
The aim of the current research was to evaluate the effects that
temperament has on production and reproduction performances in
Simmental dual-purpose cattle breed.
Materials and methods
Use of animals and the procedures performed in this study were
approved by the Scientiﬁc and Ethics Committee of the Research
and Development Station for Bovine Arad of the Academy for
Agricultural and Forestry Sciences, Decision no. 51 issued on
November 11, 2015.
Animals and general management
The study was carried out at the Research and Development
Station for Bovine Arad (461003600N 21180400E) Romania (altitude
of site 107 m), where purebred dual-purpose Simmental cows,
managed under loose system with zero grazing were included in
the research herd.
The Simmental/Fleckvieh (national name Baltata româneasca)
herd had been selected based on milk yield since 1981. Reproduc-
tive failure and age were the criteria normally used to deﬁne which
cows would be culled. However, in some cases, low productivity,
health, and udder problems were also considered. Cows taken in
the study were between 1st and 8th lactation, with age and parity
balanced within the herd and representing a diverse sampling of
genetic lines (Austrian, German, and Romanian).
All animals were included in the Ofﬁcial Performance and
Recording Scheme, being registered as a nucleus reference breeding
herd, which produces and disseminates tested bulls for the national
Artiﬁcial Insemination Stations. A data set from 198 animals and
more than 3,560 records was analyzed for estimation of the effects
that temperament has on production and reproduction outputs.
Cows weremilked twice per day (starting at 5:30 and 17:30) in a
“herringbone” milking parlor (2 sides  14 units). The milking
parlor was equipped with AﬁMilk 3.076 A-DU software (Aﬁkim,
Israel). Furthermore, all cows were ﬁtted with AﬁTag pedometers
(Aﬁkim, Israel) for estrous and lameness detection.
Cows were kept on deep straw bedding, with a space allowance
of 9 m2 in the resting area and free access to water and outside
paddocks. They received a daily feed ration of 15 kg of alfalfa and
15 kg of green fodder,12 kg corn silage, 6 kg of alfalfa hay and 6 kg of
concentrates starting spring till late autumn, and a ration of 15 kg
alfalfa and 25 kg of corn silages, 6 kg of alfalfa hay and 6 kg of
concentrates during winter. Cows were fed twice per day and had a
feeding space allowance of 70-75 cm/head. Cows were housed in
groups of 40-50 animals, according to their lactation stage and
productivity.
The research activities were performed in accordance with the
European Union’s Directive for animal experimentation (Directive
2010/63/EU).Temperament assessment
Temperament was assessed according to the “weigh crate”
method described by Cafe et al. (2011) and Orban et al. (2011), a
subjective restrained-method used to evaluate behavioral reactivity
and fear response to handling in domestic ruminants. Tempera-
ment of cows was scored between 40 and 100 days after calving (in
peak lactation). The measurements were taken when the cows
were handled through the yards for other management or data
collection related purposes. Temperament assessment was done in
the paddock where cows wait for milking to take place, right before
the afternoon milking for all animals, to avoid circadian behavioral
variations. Cows were equally used to being handled to the test site
and were not subject to prior handling procedures during that day
(e.g., transrectal pregnancy control, vaccinations, regrouping). The 2
observers were placed at 3-3.5 m laterally to the weighing crate, to
detect movements made by cows during the 30-second restrain
period.
Behavior of animals was recorded using a 5-point score scale at
weighing, while spending 30 seconds in the weighing crate: 1 calm,
no movement; 2 calm with occasional movements; 3 moderately
movements; 4 abrupt episodic movements; 5 permanent episodic
movements.
Scoring was done individually by 2 observers and video-
recorded for reevaluation, in case of a divergent scoring. Based on
temperament scores given, cows were classiﬁed as either “calm”
(scores 1 and 2), “moderate” (score 3), or “nervous” (scores 4 and 5).
Data collection and statistical analysis
ID tag number, milk yield per milking session (kg), milk duration
(minutes), number of steps/interval (12 and 24 hours, between 2
milking sessions and per day), and milk conductivity (mS/cm) were
recorded and collected daily using AﬁMilk 3.076 A-DU software and
hardware ﬁtted in the milking parlor. Data were collected in a time
interval of 72 hours (3 days) before the temperament evaluation.
The number of steps was recorded during the daytime (from
morning milking until the evening milking) and during the night
time (from evening milking until the morning milking). Total
number of steps performed by cows daily was obtained by adding
the 2 values in each day of study, individually for each cow. The
average milking speed (kg/min) was obtained by dividing the milk
yield per milking to milk duration in minutes. For the purpose of
this study, the averages during the 3 days were used for the number
of steps during daytime, night, daily number of steps, and average
milking speed.
Production and milk quality data (milk production, fat yield and
percentage, protein yield and percentage, and the somatic cell
count) were taken from the results of the ofﬁcial performance re-
cordings, according to the standardized International Committee
for Animal Recording (ICAR) guidelines (2012). The alternative
milking at 4-week recording interval method was used for this
purpose. Milk yield was standardized for normal lactation
(305 days) and mature equivalent (cow’s parity) using correction
coefﬁcients (Stanciu et al., 2005).
Body condition score (scores 0, regular body condition; 1, very
lean; and 2, very fat), cleanliness of udder, and cleanliness of
hindquarter (scores 0dno dirt or minor splashing or 2dseparate or
continuous plaques of dirt) were evaluated for each individual cow
according to WelfareQuality (2009) protocol for dual-purpose
breeds, together with the body weight at the moment of the
temperament assessment (40 to 100 days in lactation). Reproduc-
tive outputs of cows (days open, inseminations per gestation, and
calving interval) were recorded by the research stations
veterinarians.
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vous, and moderate) for body weight, days open, inseminations per
gestation, calving interval, milk yield, fat yield, fat percentage,
protein yield, protein percentage, milking speed, somatic cell count,
and number of steps were carried out using the one-way analysis of
variance protocol, with categorical factor being considered the
temperament of cows. Phenotypic correlations between tempera-
ment scores of cows on one hand and production and reproduction
traits on the other hand were estimated using the analysis of
variance described by Grosu and Oltenacu (2005).
Chi-square test of independence was performed to determine if
cow temperament had an inﬂuence on the body condition score,
cleanliness of udder, and cleanliness of hindquarters.
All the statistical inferences were carried out using Statistica
software (StatSoft Inc., Tulsa, OK USA) (Hill and Lewicki, 2007).
Decisions about the acceptance or rejection of statistical hypothesis
have been made at the 0.05 level of signiﬁcance.
Results and discussions
In general, the behavioral reactivity of cows (DF model ¼ 2,
DF residual ¼ 195) signiﬁcantly inﬂuenced the body weight
(F ¼ 4.36, P ¼ 0.014), milk yield (F ¼ 3.64, P ¼ 0.028), milk fat yield
(F ¼ 3.70, P ¼ 0.026), milk protein yield (F ¼ 4.61, P ¼ 0.011) and
percentage (F ¼ 4.66, P ¼ 0.011), and the calving interval (F ¼ 4.56,
P ¼ 0.012) of the cows included in the studied herd, having more
substantial effects on the milking speed (F ¼ 10.05, P ¼ 0.00007)
and the number of steps (F ¼ 42.68, P < 0.0000001). However,
temperament did not signiﬁcantly inﬂuence traits such as days
open (F ¼ 0.29, P ¼ 0.749), number of inseminations per gestation
(F ¼ 0.02, P ¼ 0.979), milk fat percentage (F ¼ 2.14, P ¼ 0.121), and
somatic cell count (F ¼ 0.39, P ¼ 0.675).
The average body weight for the Simmental herd was 589.7 kg
(Table 1), with calmer cows outperforming signiﬁcantly (P  0.05)
the moderate and nervous animals by 19.5 kg and 21.8 kg, respec-
tively. No difference (P > 0.05) was observed between moderate
and nervous temperaments. Overall, the body weight of cows was
within the limits of the breed’s standard of 550-650 kg (Acatincai,
2010); however, at the lower limit, taking into consideration that
the Simmental is a dual-purpose breed, with the selection in
Romania being mainly orientated for milk traits with 60%, followed
by meat with 35% and ﬁtness traits 5% (Perisic et al., 2009). As
previously reported by Berry et al. (2003), genetic correlations be-
tween body weight and total lactation milk production are close to
zero and negligible, as a result, focusing the selection scheme on
milk yield would have a null or reduced effect on body weight gain
within a breed.
Number of inseminations per gestation and days open were not
inﬂuenced (P > 0.05) by the temperament (Table 1). Results from
our study are in accordance with estimates for the breed reported
by Muller et al. (2013) and Pantelic et al. (2011). Conversely to our
results, Phocas et al. (2006) found signiﬁcant genetic correlations
showing that docile heifers had higher fertility than nervousTable 1
Least squares means (SEM) for reproductive performances of cows based on their temp
Temperament/trait Body weight (kg) Days open
Cohort 589.7  3.38 140.8  5.48
Calm 597.5  4.50a 138.9  6.18a
Moderate 578.0  5.48b 147.2  12.49a
Nervous 575.7  9.69b 134.8  18.37a
SEM, standard error of the mean.
Column means with different superscript differ signiﬁcantly at P < 0.05.heifers; however, this was limited, given that other reproductive
outputs were not associated with temperament.
Calving interval was inﬂuenced by the temperament, with ner-
vous animals having signiﬁcantly higher intervals than their calm
and moderate counterparts (P  0.05 and P  0.01, respectively).
Results are similar to those reported by Riecka and Candrak (2011)
for Holstein dairy cows and de Haas et al. (2013) for Simmental and
other dual-purpose and beef breeds. To the best of our knowledge,
this is the ﬁrst report that shows the major implications of the
behavioral reactivity on calving interval in cattle, of 40.5 days in
calm versus nervous and 57.5 days in moderate versus nervous
cows. The calving interval has an impact on reproductive outputs as
well as on the farm related costs, as outlined by de Haas et al. (2013)
with loss estimates of 1 V/cow/day.
Results on production data and the temperament implications
on such traits are presented in Table 2. Average milk yield per
305 day of lactation in the studied herd was 5396.2 kg, consistent
with reports of Jeretina et al. (2013) and Pantelic et al. (2011).
Calmer cows had signiﬁcantly (P  0.05) higher milk yield
compared to moderate (þ316.4 kg) and nervous (þ446.1 kg) ani-
mals. It was concluded that animals showing calm temperaments
have higher milk yields, in accordancewith previous records for the
dairy breeds (Breuer et al., 2000; Haskell et al., 2014; Sutherland
and Dowling, 2014). Given the current ﬁndings and implications,
we recommend the incorporation of temperament as an indepen-
dent trait in the selection index of the Simmental/Fleckvieh strain
breeds.
Fat yield differed signiﬁcantly (P  0.01) between the calm and
moderate temperaments, while between calm versus nervous and
moderate versus nervous cows, the differences were not signiﬁcant
(P > 0.05). Oppositely, when it came to fat percentage from milk,
signiﬁcant (P 0.05), differences were observed betweenmoderate
and nervous cows, with differences between calm versus moderate
and calm versus nervous being not signiﬁcant (P > 0.05). A similar
pattern was observed for the protein yield, with signiﬁcant (P 
0.01) differences being found between calm and moderate animals,
while the differences between calm versus nervous, and moderate
versus nervous were not signiﬁcant (P > 0.05). Protein content was
the lowest in moderate temperaments, signiﬁcantly reduced
compared to calm and nervous animals (P  0.05 and P  0.01,
respectively).
Higher fat and protein content of milk in nervous animals could
be attributed to the signiﬁcantly lower milk yield in this group,
given the signiﬁcant negative correlations between milk produc-
tion and fat and protein content from milk (Cziszter, 2003; Quist
et al., 2008).
Data on milking speed, somatic cell count, and walking activity
in cows are presented in Table 3. Stress induced by the human
presence as well as themilking process itself in highly reactive cows
can lead to milk ejection and milk let-down related problems
(Bruckmaier, 2005). Given its importance, milk ejection rate or
milking speed has been introduced as a secondary selection trait in
many of the dairy breeds (Byskov et al., 2012).erament
Inseminations per gestation Calving interval (days)
1.72  0.06 405.3  5.36
1.73  0.08a 405.5  7.08a
1.70  0.13a 389.1  7.66a
1.71  0.18a 446.6  9.37b
Table 2
Least squares means (SEM) for productive performances of cows based on their temperament
Temperament/trait Milk yield (kg/305 days) Fat (kg/305 days) Fat (%) Protein (kg/305 days) Protein (%)
Cohort 5396.2  65.71 209.0  2.49 3.89  0.02 174.8  2.09 3.24  0.01
Calm 5531.4  80.14a 214.0  3.05a 3.88  0.03ab 179.6  2.49a 3.25  0.02a
Moderate 5215.0  129.04b 198.9  4.54b 3.84  0.05a 166.0  4.22b 3.18  0.02b
Nervous 5085.3  207.68b 206.4  9.06ab 4.05  0.08b 169.3  6.75ab 3.34  0.04a
SEM, standard error of the mean.
Column means with different superscript differ signiﬁcantly at P < 0.05.
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nervous animals having the lowest milking speed compared to both
calm and nervous cows, differences were signiﬁcant at P  0.001
and P  0.05, respectively. This tendency for the calmer cows to
have a higher milking speed was reported by Szentleleki et al.
(2015), while the reports from the same study give higher milk-
ing speed in Holstein cows, compared with the results from the
present study.
Somatic cell count was not inﬂuenced (P > 0.05) by tempera-
ment, with results being in accordance with those published by
Sewalem et al. (2011). Opposite results were reported by Orban
et al. (2011) and Fulwider et al. (2007), which found that calmer
and more docile Jersey and Holstein cows have lower somatic cell
count in milk, compared to their nervous counterparts. The con-
ﬂicting reports on the relationship between temperament and so-
matic cell count in the literature were mentioned as well by Haskell
et al. (2014).
The 24-hour total number of steps and the number of steps
between daytime and night-time intervals were signiﬁcantly
inﬂuenced by temperament (P  0.001), with nervous cows taking
roughly twice as many steps as the calm animals, regardless on the
time interval. The circadian rhythm did not seem to inﬂuence the
number of steps within the same timeframe across temperaments.
A signiﬁcant lower 24-hour total number of steps were reported by
Maltz and Antler (2007); thismight be attributed to the fact that the
milking parlor during the present study was at roughly 200-m
distance from the experimental barn, and cows had to walk twice
per day to and from the milking parlor, while results from the
aforementioned study were concerning walking activity of cows
during late pregnancy, during their dry period.
Limited work has been done on correlations between temper-
ament and other traits in dairy cattle, compared to beef breeds
(Haskell et al., 2014), and even lesser studies are available on dual-
purpose animals.
Signiﬁcant phenotypic correlations were found between
temperament and cows body weight (0.19), milk yield (0.19), fat
yield (0.14), and protein yield (0.18). Results are in accordance
with those previously reported by Cafe et al. (2011) for beef cattle,
which found signiﬁcant negative effects of more reactive temper-
aments on economically important traits in cattle, and in contrast
with those published by Orban et al. (2011) concerning specialized
dairy breeds. Thus, direct selection of cattle with calmer tempera-
ments, and possibly the inclusion of this trait into the SimmentalTable 3






Cohort 2.15  0.01 224.8  28.15 482
Calm 2.21  0.02a 233.8  35.71a 392
Moderate 2.03  0.03b 188.1  36.61a 584
Nervous 2.17  0.04a 268.7  137.84a 738
SEM, standard error of the mean.
Column means with different superscript differ signiﬁcantly at P < 0.05.breeds selection index, and not only culling of cattle with extremely
reactive temperaments, can improve overall productivity, animal’s
welfare, and safety of human handlers.
Opposite to the results found for fat and protein yields, corre-
lations between behavioral reactivity of cows with milk fat and
protein percentages were not correlated, with values of 0.07 and
0.02, respectively.
Somatic cells count was not correlated (0.00) with temperament
in the Simmental breed. This result was conversely to previous
ﬁnding of Orban et al. (2011), which reported positive moderate
correlations for this trait with the temperament scores in Jersey and
Holstein cows. This might be attributed to breed-related differences
between temperaments, with dairy breeds having a higher
behavioral reactivity propensity compared to beef or dual-purpose
animals.
Milking speed was negatively correlated (0.18) with the
temperament of cows in the present study. In nervous cows, the
milk ejectionwas slower, as outlined previously by Szentleleki et al.
(2015) on a comparative research trial conducted on Holstein pri-
miparous and multiparous cows.
Total number of steps per 24 hours, number of steps during the
daytime interval, and the number of steps during the night-time
interval have shown strong and positive correlations with
temperament, of 0.55, 0.57, and 0.51, respectively. These results
were opposite to those reported by Adamczyk et al. (2011) who
found no correlation between dairy cows’ temperament and their
walking activity in the milking parlor.
Associations between temperament and reproductive traits in
dairy cows are poorly studied but appear to be weak and variable
(Haskell et al., 2014). No signiﬁcant correlations were found be-
tween the Simmental cows temperament and reproduction traits
such as days open (0.01), number of inseminations per gestation
(0.01), and the calving interval (0.08). These results are consistent
with previous reports of Haile-Mariam et al. (2004) and Sewalem
et al. (2011).
Body condition score, cleanliness of udder, and cleanliness of
hindquarter evaluated according to WelfareQuality protocol
(2009) were not inﬂuenced (P > 0.05) by the cows temperament.
To the best of our knowledge, no other study concerning the
temperament effects on cleanliness in cattle exists up to this
moment. We hypothesized, at the beginning of the study, that
nervous cows would have a reduced degree of cleanliness of both
udder and hindquarters, due to their more agitated nature, whichbased on the behavioral reactivity of cows
of steps/24 hours No. of steps/daytime No. of steps/night time
4.5  157.62 2340.2  65.73 2484.3  97.40
1.6  134.66a 1956.6  60.87a 1964.9  83.17a
9.3  279.43b 2765.8  114.66b 3083.5  176.89b
6.4  644.37c 3453.5  222.79c 3932.9  431.72c
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and standing positions during a 24-hour interval, compared to
calmer animals. However, it was not the case, probably because
these cows chose the cleanest places to lie down. In addition, the
assumed hypothesis was not sustained because of the design of the
resting area (deep straw bedding) that maintained a degree of
dirtiness of udders and hindquarters, especially during rainy
weather. Further studies are needed to evaluate the effects of
bedding material and barn design on cleanliness of cows, given the
practical implications on milk quality, udder health and animal
welfare in general.
In the present study, cows with a calmer temperament had su-
perior performances across a broad range of dairy production and
reproduction outputs. “Weigh crate” temperament assessment
method is simple to conduct on farm level, and its use could be
encouraged by Simmental breeders’ societies to allow selection for
calmer temperaments or docility. Despite this, still relatively few
published studies have described the relationships between
temperament and commercially important traits in dual-purpose
breeds and the biological mechanisms that underline these asso-
ciations are not well known and evaluated up-to-date.
Conclusion
Correlations between temperament and production traits sug-
gested that selection against animals that are highly reactive to
improve welfare and ease of handling would not have detrimental
impacts on productivity and reproductive outputs. Furthermore,
signiﬁcant correlations were found between cows’ temperament
and milk production traits. As a result, selection for calm temper-
aments should translate into increased milk, fat, and protein yields
in Simmental/Fleckvieh cows, as well as shorter calving interval and
improved milking ejection.
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